Kinetic and structural evaluation of selected active site mutants of the Aspergillus fumigatus KDNase (sialidase).
Aspergillus fumigatus is an airborne fungal pathogen. We previously cloned and characterized an exo-sialidase from A. fumigatus and showed that it preferred 2-keto-3-deoxynononic acid (KDN) as a substrate to N-acetylneuraminic acid (Neu5Ac). The purpose of this study was to investigate the structure-function relationships of critical catalytic site residues. Site-directed mutagenesis was used to create three mutant recombinant enzymes: the catalytic nucleophile (Y358H), the general acid/base catalyst (D84A), and an enlargement of the binding pocket to attempt to accommodate the N-acetyl group of Neu5Ac (R171L). Crystal structures for all enzymes were determined. The D84A mutation had an effect in decreasing the activity of AfKDNase that was stronger than that of the same mutation in the structurally similar sialidase from the bacterium Micromonospora viridifaciens. These data suggest that the catalytic acid is more important in the reaction of AfKDNase and that catalysis is less dependent on nucleophilic or electrostatic stabilization of the developing positive charge at the transition state for hydrolysis. Removal of the catalytic nucleophile (Y358H) significantly lowered the activity of the enzyme, but this mutant remained a retaining glycosidase as demonstrated by nuclear magnetic resonance spectroscopic analysis. This is a novel finding that has not been shown with other sialidases. Kinetic activity measured at pH 5.2 revealed that R171L had higher activity on a Neu5Ac-based substrate than wild-type KDNase; hence, leucine in place of arginine in the binding pocket improved catalysis toward Neu5Ac substrates. Hence, whether a sialidase is primarily a KDNase or a neuraminidase is due in part to the presence of an amino acid that creates a steric clash with the N-acetyl group.